Recent trends show that the UV LED light source can greatly reduce environmental effect without compromising performance as compared to conventional UV mercury-based lamp (UV Hg) system. In this study, the possibility of using UV LED technology for photopolymerization of polyacrylamide (PAAm) hydrogels is presented. This has strongly drives the needs for suitable water-soluble photoinitiator formulation. Specifically, the photoinitiator must possess characteristic wavelength within UV LED range as UV LED emits monochromatic light sources only (365 nm or 385 nm). Here, the commercially available photoinitiator Oligo[2-hydroxy-2-methyl-1-[4-(1methylvinyl)phenyl] propanone] (Chivacure 300) was chosen. However, Chivacure 300 has limited solubility in water. Hence, addition of tetrahydrofuran (THF) at various ratios was required. The results demonstrated that 9.5:0.5 ratio of water/THF was the minimum ratio needed for the solubility of Chivacure 300. After the synthesis of PAAm hydrogels, almost complete conversion of hydrogels was achieved (> 80 %). The highest conversion was achieved with formulation of Chivacure 300 in 9.5:0.5 ratio of water/THF. At this ratio, the hydrogels obtained were transparent. With increasing ratio of THF in water, the appearance of hydrogels gradually changed to cloudy. Indeed, UV LED technology can be used to polymerize PAAm hydrogels with comparably high conversion to conventional UV Hg system.
Introduction
Nowadays, the development of polymer based hydrogels has increased worldwide. Hydrogel is built up of three dimensional polymeric networks [1] . In the presence of good solvent such as water, hydrogels tend to swell and retain water within its network due to the crosslinking structure [2] . Hydrogels have been widely used especially in biomedical applications, such as drug carrier, tissue engineering and actuators [3] .
Hydrogels is usually prepared by chemical crosslinking of acrylamide (AAm) and N,N'methylenebisacrylamide (MBAAm) in an aqueous solution [4, 5] . Photopolymerization can be used to convert monomers into hydrogels by free radical polymerization with the help of commercially available ''type I'' photoinitiators [6] . Some of the researchers preferably choose photopolymerization due to its advantages. Those include fast curing rates as well as temporal and spatial control over the polymerization process [6, 7] . Besides that, hydrogels can be created in situ.
UV light is used to cleave the photoinitiators, create free radicals and subsequently initiate the photopolymerization and formed crosslinked hydrogels [6] . Previously, there were many studies reported on the use of UV mercury-based lamp (UV Hg) system curing technology for photopolymerization of hydrogels [5, 8, 9] .
To the best of our knowledge, the use of UV light from LED source for hydrogel curing has not been reported. Elimination of the harmful mercury and ozone extraction are some of the benefits that UV LED can offer [10] . Other than that, UV LED is efficient in reducing cost associated to the maintenance and repair. Thus, development of UV LED system for hydrogels curing is a promising technology to replace UV Hg system. UV LED has a monochromatic wavelength of 365 nm that may help to avoid a side reaction from occurred.
The success of photopolymerization process not only depending on the UV systems chosen, but also the efficiency of photoinitiator [11] . Up to date, there is no on-going research about suitable water soluble photoinitiator for UV LED. Thus, the goal of this study was to propose an effective and suitable photoinitiator with the absorption near 365 nm. For that reason, Oligo[2-hydroxy-2methyl-1-[4-(1-methylvinyl)phenyl]propanone] (Chivacure 300) was chosen as photoinitiator as it absorbed at wavelength of 330 nm.
The goal of this study was to synthesize polyacrylamide (PAAm) hydrogels using water soluble photoinitiator. UV LED is envisioned to be the most effective UV source for curing PAAm hydrogels. It is expected that desired final properties of resulting hydrogels with high monomer conversion will be obtained. Hydrogels with high monomer conversion are very useful in many biomedical applications because it promise a good integration to the body as it is close to physiological temperature and similar to biological tissue of the human body [9] .
Experimental Part

Materials
All chemicals used for hydrogel preparations were at least analytical grades. AAm and nhexane were purchased from Acros Organics (stock from Belgium) and Fisher Scientific (Selangor, Malaysia), respectively. MBAAm was purchased from Sigma-Aldrich (Selangor, Malaysia). "Type I" photoinitiator; Chivacure 300 was purchased Chitec Technology Corp. (Taiwan).
Synthesis and photopolymerization of bulk hydrogels.
Hydrogel formulation was obtained from the optimized conditions in the previous study using UV Hg system [5] . For this study, 7.5 g of AAm and 50 mL of distilled water was stirred for about 5 min. Then, 5 wt% of MBAAm relative to AAm (crosslinker) were added into the solution. The solution was further stirred.
2 wt% of Chivacure 300 relative to AAm was used for polymerization process [5] . Since Chivacure 300 dissolve slightly in water, the photoinitiator was pre-dissolved in different ratio of water/THF and added to the monomer solution. The reaction mixture was stirred until completely dissolved at ambient temperature. Then, the mixture was exposed to UV LED lights source (Hönle AG, Germany) with λ ~ 365 nm for 15 min.
Characterization by Washing and Conversion
Total organic carbon (TOC) analyzer was used to monitor the unreacted monomer from the hydrogel polymerization. The hydrogel obtained after curing under UV light was immersed in the distilled water. The water was refreshed every 24 hour for five consecutive days and analyzed using TOC. The degree of monomer conversion was calculated based on the fraction of leached carbon using the following equations:
Results and discussions
Solubility test was done for 2 wt% photoinitiator Chivacure 300. Chivacure 300 was slightly soluble in water. The completely dissolved photoinitiator solution was obtained when certain amount of THF was added. For preparation of photoinitiator solution, the ratios of water/THF were varied from 9.5:0.5 to 2:1. Then, the pre-gel mixture was produced when the photoinitiator solution added to the monomer solution. For ratio of 9.5:0.5 photoinitiator in water/THF, the pre-gel mixture was almost transparent. The mixture became more cloudy and white as the ratio increased up to 2:1. This is due to the fact that AAm chains collapsed and precipitated when THF was added into the mixture. From this view, THF acts as an precipitation agent during the polymerization [12] .
From TOC measurement, not only the number of washing step can be estimated, but most importantly the degree of monomer conversion can be determined from the mass balance. Synthesis of PAAm hydrogels had been established, all compositions in water/THF with almost complete monomer conversion (> 80 %) was achieved.
Increasing ratio of water/THF in photoinitiator solution from 4:1 to 2:1 had resulting to a decrease in the monomer conversion. Conversion and initial polymerization rate was dramatically decreased with the addition of organic solvents in the reaction mixtures [13] . The addition of THF imposed unfavourable interactions in the polymerization mixture [12] . As a result, significant decrease in solubility has led into polymerization in two coexisting phases [14] . The soluble compound was then removed from the phase-separated network and this gave rise to a much lower conversion.
The physical appearances of synthesized PAAm hydrogels are shown in Table 1 . PAAm hydrogels obtained from the photoinitiator solution ratio of 9.5:0.5 water/THF was transparent and homogenous, which is designated as conventional hydrogel [14] . In case of hydrogels with high ratio of water/THF, it appeared to be cloudy. From all the observations, hydrogel with 9.5:0.5 ratio water/THF has been chosen as the best ratio for synthesis of PAAm hydrogels as the appearance was almost transparent. Transparency of hydrogels is typically associated to the homogeneity of the hydrogel network, which lead to higher monomer conversion of hydrogels.
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Conclusion
The PAAm hydrogels yielded a conversion of > 80% using UV LED curing system with various ratio of photoinitiator Chivacure 300 in water/THF. However, due to slightly solubility of Chivacure 300 in water, the conversion and appearance of the hydrogels was affected as well. Thus, synthesis of hydrogels with purely water soluble photoinitiator in photopolymerization was expected to produce high monomer conversion of hydrogels with transparent appearance. This formulation is a subject of our future investigation. Ultimately, UV LED system demonstrated efficient photopolymerization of PAAm hydrogels.
